Background: Peripherally inserted central catheter (PICC) have become essential for a safe and reliable long term venous access in all neonatal intensive care units (NICU) for providing long term intravenous fluids and medications. However, they associated with central line blood stream infections (CRBSI) infections and it is postulated that this risk is more on during their removal but the true incidence is not known. The objective was to evaluate the incidence and identify risk factors associated with CRBSI following the PICC removal in preterm neonates. Methods: This was a retrospective cohort study was done on <37 weeks premature neonates. Data included patient particulars, location of PICC placement, days of PICC, antibiotics and TPN through PICC, infections noted during or within 48 hours of PICC removal. Results: A total of 238 PICC removals in 215 neonates were analysed which did not show a significant difference in the prevalence of CRBSI within 48 hours of PICC removal. However, there was an increase in odds for sepsis following PICC removal in less than 29 weeks gestation and if it was not used for antibiotic infusion for more than 48 hours preceding its removal. Conclusions: This study does not support the use of prophylactic antibiotics during PICC removal in neonates as there was no increase in the incidence of CRBSI following PICC removal. However, they may have a role in very low gestation age, low birth weight infants who have not recently received antibiotics prior to PICC removal.
INTRODUCTION
Peripherally inserted central catheter (PICC) have become essential for a safe and reliable long term venous access in modern neonatal intensive care units (NICU) while caring for sick low birth weight (VLBW). 1 Access through PICC not only avoids repeated painful venous cannulations for providing long term intravenous fluids, medications and also has an added advantage of giving essential nutrition for growth in high concentration which cannot be given through peripheral access. 2 The use of PICC in preterm is however associated with a number of complications, of which the central line blood stream infections (CRBSI) are the most frequent, especially in VLBW due to their immature immune response. The resulting sepsis results in prolonged hospitalization, increased costs, poor growth and neurodevelopment outcome and increased mortality. 3 The Centers for Disease Control and Prevention has defined CRBSI as any bloodstream infection (BSI) that occurs with a central venous catheter in place and up to 48 hours after its removal. 4 These CRBSI are predominantly due to gram positive bacteria and the commonest organism was found to be coagulase negative staphylococci (CONS). 5 The ability of CONS to adhere to the surface of central catheter makes it very efficient in forming biofilms. The other microbes associated are Staphylococcus aureus, Enterococci spp., Klebsiella, E coli and Candida parapsilosis. 6 As these PICC lines are prone to colonization with biofilm production by the organisms over their catheter tip, it is postulated that there is a risk of these biofilm being dislodged during the procedure of removal of PICC which leads to bacterial dissemination in bloodstream thereby predisposing the neonate to sepsis. 7 Few studies been done to examine this hypothesis on the incidence of CRBSI following PICC removal and the results have been equivocal. [6] [7] [8] Prophylactic antibiotics have been used just before removal to prevent septic dissemination but there is no evidence to support this practice as this may increase antibiotic resistance. In recent years there has been implementation of multidisciplinary, evidence based guidelines which have considerably decreased the CRBSI in the NICU. 9 Hence practices that offer further reductions should continuously be explored and evaluated. Since definite data from previous studies have been equivocal, author conducted a retrospective study of this centre to evaluate the incidence associated with CRBSI following the PICC removal in neonates. This objective was to test if PICC removal within 48 hours resulted in significant CRBSI and clinical deterioration leading to sepsis in preterms and to identify associated risk factors.
METHODS
This retrospective cohort study was done in a tertiary care teaching hospital between June 2014 and May 2016 after approval by the institutional ethics committee. PICC lines of 1Fr and 2Fr of Vygon, Paris, France were used. PICC lines were inserted as per standardized protocol described and were regularly monitored with daily evaluation and other bundle care practices. 9 The PICC was removed when no longer required ensuring maximum sterility. These practices were continued during the entire study period. All preterms (<37 weeks) with PICC were identified and their records reviewed. Data collected included patient gestation, weight, location of PICC placement, length of PICC, type and duration of antibiotics, parenteral nutrition through PICC, any occlusion/ manipulation of PICC, any local infection/ inflammation of insertion site, evaluation of sepsis and clinical infections during the period of PICC indwelling or within 48 hours of PICC removal were noted. Multiple PICC lines insertion in the same patient were counted as independent entities. PICC lines removal were excluded from the study if placed in a neonate with incomplete records, died with indwelling PICC or removed due to occlusion or leak. Data following 48 hours of PICC removal were recorded for any clinical deterioration, episodes of apnea or bradycardia requiring intervention and blood stream infections (BSI). CRBSI is defined as BSI that occurs while central venous catheter is in place or up to 48 hours after its removal central line and manifested as clinical deterioration with single positive blood cultures of pathogenic organism or two sequential positive blood cultures with skin commensal/ contaminant. 4 Clinical features associated were comprised temperature instability (<360C or >380C), lethargy, poor suck or cry, poor perfusion, delayed capillary refill time, hypotonia, absent neonatal reflexes, tachycardia or bradycardia, respiratory distress, apnea, gasping respiration and metabolic acidosis. Culture negative sepsis was taken as clinical features suggestive of sepsis within the period of 48 hours post removal of PICC with any two positive lab criteria comprising sepsis screen in the presence of negative blood cultures. Laboratory criteria for positive sepsis screen were defined as total leucocyte count (TLC) <5000/cmm, absolute neutrophil counts (ANC) as per Monroe's charts, immature/total neutrophil ratio (ITR)> 0.2, micro-ESR > 15 mm/ hour and C-reactive protein (CRP)>1 mg/dl. 6 Any evidence of new onset BSI or clinical sepsis was noted and managed with broad spectrum intravenous antibiotics according to standard unit protocols. In addition, anti-fungal agents were started if there was any evidence of local fungal infection or laboratory investigations suggested fungal sepsis. As a routine protocol 5 cm catheter tip of PICC lines were sent for microbiological culture.
The data for study was collected in pre-designed study proforma and was verified for completeness and consistency before transferring into MS Excel for further analysis using SSPS (21 st Version). The continuous variables were expressed as mean and standard deviation (SD). Statistical analysis of the incidence was performed by Fisher's exact test, differences between patient characteristics were compared by Chi-squared test and separate multivariable logistic regression models to compare risk factors. p value of <0.05 was considered statistically significant.
RESULTS
During the study period, a total 215 neonates with 238 PICC line removals met this study criteria and were evaluated for CRBSI and clinical sepsis in 72 hours following PICC removal. 23 neonates required two PICC lines for their management. Since each PICC lines were considered an independent entity, number of PICC days was also counted separately. A total of 2294 PICC days were studied and analysed.
The median gestational age of neonates with PICC lines was 30 week 3 days (SD 7.1 days) and birth weight was 1192.6 gm (SD 116.7). Majority (70%) of the lines were placed by the 5 days of life. Most common site of insertion was found to be upper limbs (82%) with an average in dwelling time duration of 11.8 days (SD 2.6 days). 89.8% of all lines received antibiotics through the PICC lines with an average duration of 9.6 days (SD 2.3 days). 71.5% of all PICCs had antibiotic free interval of minimum 48 hours before removal of the line. Average number of days no antibiotics were given in PICC lines before 48 hours of their removal was 2.72 days. 159 (66.8%) of the lines were used for giving parenteral TPN and lipid infusion in addition to antibiotics. Only 35 lines were recorded to be manipulated. A total of 47 neonates had concurrent another central venous catheter (umbilical catheter/ PICC) ( Table 1) . 
DISCUSSION
In this retrospective study we analyzed 238 PICC line removals with 2294 PICC days and found no increased incidence of infections. We documented only five cases of CRBSI within 48 hours of PICC removal which was similar to the overall rate CRBSI with the PICC indwelling. The findings was in line with previous studies which found no evidence of increase infections following the catheter removals in newborns. 7, 10 Casner et al, attributed to the lower incidence of BSI and culture negative sepsis in their study to the implementation of CLABSI monitoring and bundle care. 7 This reduction in BSI rates due to improved bundle care has been reported in other studies. 11, 12 This study is in contrast to the study by Hemels et al, who reported over 11% rate of BSI within 48 hours of catheter removal. 13 In this prospective interventional study the authors reported a decrease in BSI by using prophylactic anti-staphylococcal antibiotics, Cefazolin at the time of PICC removal and 12 hours later. This protective effect of prophylactic antibiotics was reported earlier by van den Hoogen et al, who also found seven fold lower prevalence of BSI in neonates who received antibiotics at the time of removal of PICC. 13 This beneficial effect of antibiotics preceding PICC removal was not recommended by Booker and Keena hey observed no increase in BSI following catheter removal. 10 There were five cases identified as CRBSI in this study which occurred within 48 hours of PICC removal and there were eight cases of CRBSI identified during the indwelling of catheter during the study period. No difference in the rates of CRBSI between periods of indwelling PICC compared to 48 hours post PICC removal were seen. Majority of CRBSI following PICC removal in this study occurred in VLBW neonates, low gestational age who had lack of antibiotic exposure preceding PICC removal. This was consistent with observation that birth weight was inversely related to BSI. 4 Other studies have also reported highest risk factors associated with sepsis as decreasing birth weight, decreasing gestational age, increased in-dwelling catheter time and infusion of TPN/lipids. 1, 5 Cassner et al, reported more than 6.3 fold increase in odds for culture negative sepsis in VLBW with prolonged PICC and no antibiotics exposure before 72 hours of PICC removal. 7 However, this prolonged duration of PICC in-dwelling time as an independent risk factor for BSI has not been reported in recent studies as it has been attributed to more improved bundle care practices during management of PICC lines. 10, 14 The most common organism associated with blood stream infection was Coagulase negative staphylococci (CONS) followed by gram negative bacteria. This is in line with the finding of various other studies. 7, 8, 15 These BSI were treated with adequate course of antibiotics. One neonate was transferred to surgical centre for management of necrotizing enterocolitis while other neonates recovered.
This study had the strength of single team of specialist with consistent practices followed throughout the study period and significant cohort of patients. But limitations of the study included a retrospective design of a single centre. Secondly difficulty was low incidence of documented BSI in neonates with PICC with difficulty in quantification of results. A future multicentric randomized trial will add to the veracity of the results.
CONCLUSION
To conclude, this study shows there is no increase in risk of CRBSI after PICC removal and was similar to the risk during period of in-dwelling PICC. Hence routine use of antibiotic prophylaxis to reduce the incidence of CRBSI on removal of PICC is not recommended. In our study we identified a subgroup of VLBW neonates who were at increased risk of CRBSI following their catheter removal. They had low gestation and had not received any antibiotics prior to removal of PICC. Although the number of CRBSI was low in this study to recommend universal antibiotic prophylaxis but considering the long term morbidity and mortality associated with such late onset sepsis, we recommend a single dose of antibiotic prophylaxis in less than 1000 gms and less than 29 weeks of gestation who were not exposed to antibiotics prior to pulling out PICC.
A further prospective interventional trail with more standard definition and evaluation may provide further insight to the incidence and prevention of CRBSI following PICC removal in neonates.
